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Question 1 (8 marks, 20 min) 
A small airplane has a weight of 10 kN, a wing area of 25 m2. The lift and drag 
coefficients for small angles of attack can be approximated as CL=0.11∙α and 
CD=0.002+0.0025∙α where α – is the attack angle in degrees. The power required to take 
off is in the order of 10kW. Find the take-off angle of attack and velocity. Provide a 
detailed description of the solution method. 
 
Question 2 (16 marks, 50 min) 
You are designing a wind tunnel (shape only). 
a) What parameters should be considered as inputs for the design and what 
parameters would be generated as a result? 
b) Provide an example calculation for the velocity you would need to achieve in the 
test section in order to test a model of the plane described in question 1. Use 
actual numbers if you can, otherwise provide formulas and discussion only. 
c) Outline the design process steps and provide a numerical solution. Provide a 
sketch of the wind tunnel. 
 
Question 3 (16 marks, 50 min) 
You are to build a fan for the wind tunnel from question 2. 
a) What parameters would be considered as outputs of the design? 
b) Make a list of data you obtained in question 2 which can be used for preliminary 
design of such fan. 
c) Assume there are guide vanes just upstream the fan which impart an angle α1=75o 
to the air as it enters the impeller. The blade angle is β1=70o and the maximum 
rotational velocity is 50rpm. Assuming radial exit, what power is required to 
pump sufficient amount of air through the wind tunnel? Provide a detailed 
description of the solution method first, then attempt the numbers. 
